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The southern central Chilean margin at the site of the largest historically recorded earth quake in theValdivia region, in 1960 (M w = 9.5), is part of the 5000-km-long active subduction system whose geodynamic evolution is con troversially debated and poorly understood. Covering the area between 36° and 40°S, the oceanic crust is segmented by prominent fracture zones. The offshore forearc and its onshore continuation show a complex image with segments of varying geophysical character, and several fault systems active during the past 24 m.y.
In autumn 2001, the project SPOC was organized to study the Subduction Processes Off Chile, with a focus on the seismogenic coupling zone and the forearc. The acquired seismic data crossing the Chilean subduction system were gathered in a combined offshore-onshore survey and provide new insights into the lithospheric structure and evolution of active margins with insignificant frontal accretion.
In this article, the first images are presented of the predominantly land-based components of SPOC in southern central Chile, which was a collaborative effort of several German and Chilean institutions. These new seismic data provide constraints on the continuation of fault structures at depth, on deep crustal structures, and on Moho depth. Finally, the plate interface of the 1960 rupture event is evident in the near-vertical incidence reflection section and calibrated with results from the wide-angle velocity model, suggesting the relocation of the 1960 earthquake at 73°05'W
Aims and Motivation
Convergent continental margins are the Earth's principal locus of important earthquake hazards. Some 90% of global seismicity and all interplate megathrust earthquakes with M>8 occur in the seismogenic coupling zone between the converging plates. However, the processes that shape the coupling zone and BY C. KRAWCZYK AND THE SPOC TEAM Eos,Vol. 84, No. 32,12 August 2003 its relation to surface deformation are poorly understood. Seismogenic coupling zones occupy a limited depth range between 5-10 km depth at the updip end, and 30-60 km at the downdip end (Figure 1, inset) . Stronger asperities or material-state variations are sup posed to control the strength of the seismo genic coupling zone and subduction channel [Ruff, 1999; Pacheco etal, 1993] ,while extent and degree of seismic coupling play a major role in great interplate earthquakes [e.g., Oleskevich, 1999] .
The long-term vision of our integrated study is a quantitative understanding of mega-thrust earthquake seismicity in subduction zones, and its relation to processes at depth and at the surface. We have started with a series of experiments in the area of the 1960 Chile earthquake that is designed to (1) image the plate interface from the updip to below the downdip end of the seismogenic part, in order to (2) yield key petrophysical and mechanical properties with (3) their variation along different alongstrike segments of the plate interface which are at different stages of the seismic rupture cycle, and (4) determine their effect on surface deformation.
Regional Setting
The southern central Chilean convergent margin provides a first site for our studies (Figure 1) . Here, the largest instrumentally recorded earthquake occurred in 1960 (M w 9.5). The ruptured zone,starting at 38°S at a hypocentral depth of some 30-40 km below the continental forearc, extended progressively toward the south for approximately 1000 km [Cifuentes, 1989] with a co-seismic slip of up to 40 m, up to 2 m vertical displacement, and a tsunami up to 15 m high that affected the entire Pacific [Kanamori and Cipar, 1974; Plafker and Savage, 1970] . Recent GPS data reveal this part of the upper plate to be still in the post-seismic relaxation stage [Klotzet a/., 2001] . Figure 1 ). It will yield a near-threedimensional image of the offshore forearc, including the updip parts of the seismogenic coupling zone of the 1960 Chile earthquake segment, and the seismic gap segment to the north [Reichert and SPOC, 2002] . Between 36° and 39°S, a predominantly land-based combined onshore-offshore, active-passive seismic experiment was carried out, operated by the GFZ Fbtsdam and the FU Berlin, linking the marine profiles to the sub duction features observed onshore. It comprised (1) a pilot near-vertical incidence reflection (NVR) seismic experiment covering the onshore-offshore transition along a W-E line to test the structural and reflectivity potential along the seismogenic plate interface, and (2) a threedimensional-wide angle reflection/refraction component with the aim of comparing different segments of the Chilean continental margin.
Experiment Components of SPOC

The NVR Seismic Experiment
The NVR land component at 38°15'S covers the near-shore part of the subduction zone between the South American and Nazca plates along the westernmost part of a longer refrac tion line (Figure l) .The 54-km-long W-E line was set up in three spreads, and recorded a series of 14 shots fired at 10 different locations (Table l) .This resulted in a single-fold CDP coverage along a 71-km-long profile encom passing a 45-km-long portion with two-fold CDP coverage. In addition, the airgun shots of the offshore profile SO161-38/42 were recorded with the first 18 km of the onshore NVR spread.
The Wide-angle Seismic Experiment
The wide-angle seismic experiment simulta neously recorded the airgun pulses from R/V SONNE with 30 three-component stations deployed in an array, 52 stations along three consecutive W-E profiles, 22 OBH/OBS stations along the offshore part of the profile at 38°15'S, and 6 three-component broadband stations along a profile at 39°S (Figure 1) . Furthermore, eight chemical shots were fired, mainly at the ends of the three W-E profiles (Table 2) .Teleseismic, regional, and local events were recorded by the array and broadband stations, contributing to the passive component of the experiment.
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First Results
All land data first underwent different pro cessing and modelling procedures (Tables 1  and 2 ), eventually providing a migrated sec tion and a velocity model along the profile at 38°15'S (Figures 2 and 3) .
The offshore profiles [Reichert and SPOC, 2002] reveal that the upper plate is split into many segments, with pronounced forearc basins and a strikingly narrow accretionary wedge. A thick subduction channel (up to 2 sec TWT) seems to take down the relatively thick trench fill, thereby suggesting a non-frontal accretionary subduction type here.
The onshore NVR section gives an image of different reflection bands in the upper and middle crust (Figure 2 ). On the entire profile, a subparallel, 3-km-thick strong reflection band is observed between 8 and 11 km depth. Different mainly eastward dipping prominent reflection bands are imaged between 5 and 25 km depth.These bands are interpreted to describe the internal structure of the PermoTriassic accretionary wedge integrating metabasitic and meta-ophiolitic structures in a dominantly meta-sedimentary basally accreted nappe pile.
Finally in the western part of the seismic reflection profile, some reflections which weaken eastwards are found between 18 and 30 km depth (Figure 2 ). All these eastward dipping reflection bands between 20 and 45 km depth correlate with Wadati-Benioff seismicity, and can be interpreted as imaging the top of the downgoing plate with a change of the downdip image that approximately correlates with the downdip end of the seismogenic plate interface.
At the latitude of the NVR section, continuous wide-angle data allow the construction of a velocity model from the oceanic crust west of the trench to the continental arc.The oceanic crust is about 7 km thick (Figure 3) .The oceanic Moho is constrained by PmP-reflections down to 45 km depth under the coastal cordillera. The continental crust is characterized by gradually increasing average P-wave velocities from west to east. A region of very low P-wave velocities (1.8-5 km/s) may indicate the modern accretionary wedge for about 30 km east of the trench, and further landwards may be correlated with the dominantly meta-sedimentary basement observed onshore. Under the coastal cordillera and the Longitudinal Valley, a continental Moho was not observed, indicating that here a rather smooth transition, in terms of seismic velocities, occurs from continental to oceanic crust.
The near-vertical and wide-angle reflection data provide the structural framework for the interpretation of observed seismicity and crustal deformation at the Chilean margin between 36 and 39°S. Recent seismicity [e.g., Bohm et al, 2002] is concentrated in the con tinental crust and along the oceanic/continental crust boundary beneath the coastline, and in the downgoing slab under the Longitudinal Valley and the main cordillera (Figure 3) . The hypocenter of the great 1960 earthquake [Cifuentes, 1989] plots within the lower continental crust under the Longitudinal Valley. However, with respect to the location uncer tainty of the earthquake (Figure 3) , the E-W error is the largest, while the N-S and depth errors are smaller. Since the new data present for the first time the slab geometry in the region, we suggest the relocation of the 1960 Valdivia earthquake hypocenter further west at, or immediately above, the presumed slabcontinental Moho boundary (Figure 3) .Thus, the 1960 mega-thrust earthquake would have initiated at 73°05'W Future relocation of seismic events and receiver function analyses for con tinental Moho depth determination for the region will focus on these questions.
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